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(54) DEVICE FOR MEASURING THE CONCENTRATION 

OF GAS 



(71) I, PROFESSOR DR. 
ING. WERNER ADRIAN a citizen of the 
Federal Republic of Germany (West 
German) of 7505 Ettiingen, West Germany, 
do hereby declare the invention, for which 
I pray that a patent may be granted to me , 
and the method by which it is to be 
performed, to be particularly described in 
and by the following statement: — 

This invention relates to a device for 
measuring the concentration of a gas 
particularly alcohol vapour. In this 
specification the term "gas" will be used to 
mean any gaseous or vaporised substance. 

In the known devices for measuring the 
concentration of gases by . radiation 
absorption at characteristic absorption 
wave lengths for the gas, the gas to be 
analyzed is introduced into a measuring 
chamber. This is subjected to radiation of 
the specific wave length which enters the 
measuring chamber with a flux This flux 
is weakened if gas molecules having a 
significant absorption characteristic at that 
wave-length are present and if present, the 
radiation leaves the measuring chamber 
with a reduced flux 

According to Lambert-Beer's law, the 
relationship is written: 

where 

m is a material constant, 

1 is a length of the radiation path in the 

absorbing medium, and 
c is the concentration of the absorbing 

gas in the measuring chamber. 

If it is desired to measure very small" 
concentrations, " then, for a minimum 
weakening ratio which is given by the 
relationship 0/0 o and is limited by the 
resolution and sensitivity of the detectors 
and amplifiers, this is only possible by 
increasing the path length / of the radiation 
through the chamber. 

In known spectrophotometric devices for 
gas analysis, measuring chambers are used 
[n.w.hich the radiation path is bent via an 



optical system. For example, a principle 
given by White makes it possible to 
produce path lengths of up to ten meters. 
However, the apertures are small and the 
volume of the chamber amounts to more 
than six litres. For measuring the 
concentration of alcohol molecules in 
exhaled breath, the measuring chamber 
must have a very small volume in order to 
ensure that only air from deep in the lungs 
fill's the measuring chamber. For this reason 
the chamber volume must not exceed 100 
cm 3 . 

A device is described in U.S. Patent 
Specification 3,319,071 in which a sphere 
with highly reflective inner walls forms 
the measuring chamber. However, this 
arrangement is quite unsuitable for 
measuring the concentration of alcohol in 
the breath, as a sphere has the greatest 
volume with the smallest outer dimensions 
and exactly the opposite is desired. 

On the basis it is an object of the 
invention to produce a device with a 
measuring chamber having "an extremely 
small volume, a long radiation path and a 
high efficacy. 

According to the present invention a 
device for measuring the concentration of 
gases by radiation absorption comprises: — 

a chamber in the form of an elongate 
tube, 

inlet and outlet means in the chamber for 
the inflow and outflow of gases to be 
analysed, 

a first window in one end of the chamber 
through which infra red (IR) radiation can 
enter the chamber, 

a source of IR radiation, 

an ellipsoidal concave reflector for 
reflecting IR radiation positioned so that 
the radiation source is situated at one of the 
two focal points thereof and so that IR 
radiation reflected by the ellipsoidal 
reflector enters the chamber through the 
said first window, the second focal point of 
the ellipsoidal reflector lying on the path of 
the reflected radiation, 

first opticaUv^ reflecting means at. the_^ 
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opposite end of the chamber for reflecting 
IR radiation which traverses the chamber 
along a first path back towards the said one 
end of the chamber along a second 
5 different path, 

a second optically reflecting means 
located on said second path for reflecting 
IR radiation along at least a third path 
different from the first and second paths, 
10 thereby to leave the chamber, and 

a radiation detector for receiving and 
responding to radiation leaving the 
chamber. 

Where the measuring chamber is to be 
15 fitted to a device for measuring the 
concentration of alcohol in exhaled breath, 
the gas inlet means preferably comprises a 
side tube communicating with an aperture 
in the wall of the chamber and a saliva trap 
20 is connected between the said side tube and 
nozzle into which a subject under test can 
exhale. 

Preferably the source of radiation 
comprises an ellipsoidal quartz-halogen 

25 lamp of the type which is vacuum coated 
with gold. The rays are concentrated at the 
second focal point of the ellipsoid. Due to 
the length of the coil and irregularities 
usually present in the surface of the 

30 ellipsoidal mirror, a point of focus of 
approximately 6 mm diameter is obtained 
from such lamps. For the purpose of this 
invention this is sufficiently punctiform and 
the point of focus is formed on the said first 

35 window in the chamber. 

With optically reflecting elements 
arranged at opposite ends of the measuring 
chamber, radiation entering the chamber is 
reversed in direction at each end and in a 

40 basic embodiment of the invention it can be 
made to pass through the measuring 
chamber at least twice. Ideally the image of 
the radiation source created at the second 
focal point of the ellipsoidal concave 

45 reflector or lamp will be projected back in 
approximately the same plane by the first 
optically reflecting means located at the 
opposite end of the chamber. This image 
will appear on the second optically 

50 reflecting means which in turn reflects the 
reduced image from the illuminating 
surface of the first optically reflecting 
means onto the detector. 
Preferably the interior ot the chamber is" 

55 highly reflective of IR radiation so that any 
IR radiation falling thereon is reflected and 
finally impinges on one of the reflecting 
means so that this radiation also reaches the 
detector, possibly after many reflections 

60 but nevertherless increasing the overall 
efficiency of the device. The radiation 
losses in a measuring chamber constructed 
in accordance with this preferred feature of 
the invention can therefore be small. 

65 _Jjx.. order to keep the losses within the 



chamber as small as possible to focal length 
of the first optically reflecting means is 
preferably equal to half the length of the 
measuring chamber and that of the second 
optically reflecting means is equal to the 70 
distance between it and the detector, which 
typically is short in comparison with the 
length of the measuring chamber. 

It is better if the detector is arranged in 
such a way that it does no receive any direct 75 
irradiation from the source. Consequently 
the second optically reflecting means is 
preferably offset laterally from the 
radiation inlet on or in the wall of the 
measuring chamber and a" plane reflector 80 
is arranged in the measuring chamber 
next to the radiation inlet. In this 
way the reduced image of the radiation 
source which falls on the detector is 
created at a point which can be shielded 85 
from the effect of the heat from the 
radiation source and is removed from the 
radiation inlet. 

In order to keep the volume of the 
measuring chamber as small as possible, the 90 
measuring chamber is made wider at the 
end containing the first window that at its 
further end, and its cross-section reduces 
between these two ends along one plane. 
This design makes it possible to 95 
accommodate a plane reflector next to the 
radiation inlet without reducing the size of 
the aperture of the optically reflecting 
means within the chamber. 

In an embodiment of the invention 100 
comprising a single chamber, the second 
optically reflecting means may comprise a 
plane reflector for reflecting the radiation 
from the said second path along an 
intermediate path and a convex reflector on 1 05 
said intermediate path for reflecting the 
radiation from the said intermediate path 
along a third path out of the chamber. To 
this end a second window is located in the 
side wall of the tube and the detector is 110 
located laterally of the tube beond the 
second window and the focal length of the 
convex reflector is chosen to be short 
compared with the length of the tube. 

Each of the optically reflecting means 115 
may comprise a concave reflector or a 
plane reflecting element having a convex 
lens mounted in front thereof. 

In a development of the invention the 
tubular chamber is duplicated and the IR 120 
radiation transfers from one chamber to the 
next and after traversing each chamber in 
turn finally leaves the last chamber for the 
detector. In this development of the 
invention the length of the overall path is 125 
increased considerably. In an embodiment 
of this development, two or more 
measuring chambers are arranged adjacent 
to each other, the measuring chambers 
having at one^-end optically reflecting 
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elements and at the other end plane 
reflectors directed towards the optically 
reflecting elements and towards each other, 
the last of the reflecting means in the 
5 radiation path being directed towards the 
detector. In such an embodiment two or 
more measuring chambers can thus be 
considered to be adjacent to each other 
each having the same length and 

10 representing an increase in the overall 
width of the device but a significant 
mulplication of the path length for the 
radiation between inlet and outlet is 
obtained and sensitivity can be increased. 

15 In an embodiment such as just described, 
it has been found expedient to arrange a 
further plane reflector between the last 
plane reflector and the detector and a 
focusing lens mounted in front. 

20 By incorporating the invention, a small 
chamber volume can be combined with a 
long effective path length for the infra red 
radiation through the chamber and a high 
degree of efficiency can be obtained since 

25 the flux of radiation beamed into the 
chamber through the inlet window is only 
weakened by the small losses of the 
reflectors and of the highly polished 
reflecting inner walls. 

30 The invention will now be described by 
way of example with reference to the 
accompanying drawings in which: — 

Figure I is a cross-section through an 
embodiment in which the measuring 

35 chamber widens out in one plane, from one 
end to the other, 

Figure 2 is a cross-section through this 
embodiment at right angles to the first 
showing the parallel walls, and shows the 

40 inlet and outlets for the gas to be analysed, 
and 

Figure 3 is a cross-section through 
another embodiment in which two 
measuring chambers are arranged adjacent 

45 to each other in a common housing. 

Figure I shows a radiation source 1 
arranged at a focal point of an ellipsoidal 
reflector 2. The radiation flux emitted by 
this focused at the second focal point 3. The 

50 radiation inlet to the measuring chamber 4 
is located here. An optically reflecting 
element 5 arranged at the far end of the 
measuring chamber projects the second 
focal point of the ellipsoidal reflector 2 via 

55 a plane reflector 6 to a laterally located 
second optically reflecting element 7. The 
radiating surface of the first optically 
reflecting element is projected by the 
second optically reflecting element 

60 via an opening 8 onto a detector 9. 
Thus, the radiation coming from the 
radiation source I passes through the 
measuring chamber 4 rather more than 
twice before it reaches the detector 9. 
_,6iL ^Ehe arrangement of the two optically 



reflecting elements 5 and 7 at the opposite 
ends of the measuring chamber is decisive 
for the optical principle of the invention 
here. The interposition of the plane 
reflector 6 is of no importance to the 70 
invention, the plane reflector 6 serves only 
to project the radiation via the second 
optically reflecting element 7 out of the 
measuring chamber 4 onto the detector 9. 
This can then be arranged to advantage 75 
some distance from the radiation source 1. 

Figure 2 shows the tube 4 which forms 
the measuring chamber with a gas inlet 
connection 17 which is connected via a 
piece of tubing 18 to a saliva trap 19. The 80 
gas inlet connection 17 is arranged towards 
the narrower end of the tube. In the vicinity 
of each of the ends there is an air outlet 
hole 20. These are covered by sprung plates 
21 which form flap valves. These are 85 
approximately 0.05 mm thick and are each 
held by a screw with a pressure disc. They 
act as overflow valves. When breath is 
blown in via the saliva trap 19 the inner 
pressure lifts the sprung plates 21. Excess 90 
gas can thus escape from the measuring 
chamber 4. 

Fig. 3 shows a double measuring 
chamber in which the described principle is 
applied twice. The radiation coming from 95 
the radiation source 1 reaches the optically 
reflecting element 5 in the way described, 
and from there arrives at a first plane 
reflector 1 1 , which conducts the radiation 
via a second plane reflector 12 arranged at 100 
90° to its plane, into the second chamber. 
The dividing wall between the two 
chambers is necessary so that the radiation 
which arises due to reflections from the 
interior wall surfaces can be evaluated at 105 
the same time. In the second measuring 
chamber the principle already described in 
relation to the single measuring chamber is 
repeated. The image of the second focal 
plane is reflected from the optically 110 
reflecting element 13 after deflection via 
the plane reflector onto the laterally 
arranged optically reflecting element 7, 
which again focuses the radiation on the 
detector 9. In this embodiment, the 115 
essential point is that the radiation traverses 
each measuring chamber twice, so that a 
considerable increase in path length is 
obtained and the radiation flux is finally 
focused at a point removed from the 120 
radiation source, without the need to 
proportionally increase the volume of the 
overall device to accommodate the 
additional path length. 

Modifications are possible within the 125 
scope of the invention. Thus, the optically 
reflecting elements can be constructed 
either as concave reflectors or as plane 
reflectors with offset focusing lenses. 
Similarly, the spatial positions of. the. JL31Q: 
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radiation source and the detector can be 
transposed. 

As a modification to the construction 
form shown in Fig. I, the plane reflector 6 

5 can also be arranged rotated in a counter- 
clockwise direction. The radiation then 
arrives on the detector 9 after being 
concentrated through a focusing lens, 
without interposing the optically reflecting 

10 element 7. The same applies for the 
construction form according to Fig. 3. 
Here, the plane, reflector 14 and the 
focusing lens deflect the radiation directly 
onto the detector 9. 

15 Within the scope of the invention, the 
embodiment shown in Fig. 3 can also be 
modified so that the optically reflecting 
element 13 is omitted and the second 
measuring chamber 10 has a radiation 

^0 outlet in its place. A focusing lens may then 
be arranged behind this outlet to project 
the radiation onto the detector. In this 
event the second measuring chamber is 
only traversed in one direction. 

25 Similarly, the optically reflecting element 
13 can be rotated so that it projects the 
radiation directly onto a detector. 
However, for this it must comprise a 
concave reflector with a short focal length. 

30 WHAT I CLAIM IS:— 

1. A device for measuring the 
concentration of gases by radiation 
absorption comprising: 
a chamber in the form of an elongate 
35 tube the interior surface of which is highly 
reflective to infra red radiation, 

inlet and outlet means in the chamber for 
the inflow and outflow of gases to be 
analysed, 

40 a first window in one end of the chamber 
through which infra red (IR) radiation can 
enter the chamber, 

a source of IR radiation, 

an ellipsoidal concave reflector for 
45 reflecting IR radiation positioned so that 
the radiation source is situated at one of the 
two focal points thereof and so that IR 
radiation reflected by the ellipsoidal 
reflector enters the chamber through the 
50 said first window, the second focal point of 
the ellipsoidal reflector lying on the path of 
the reflected radiation, 

first optically reflecting means at the 
opposite end of the chamber for reflecting 
55 IR radiation which traverses the chamber 
along a first path back towards the said one 
end of the chamber along a second 
different path, 

second optically reflecting means located 
60 on said second path for reflecting IR 
radiation along at least a third path 
different from the first and second paths 
thereby to leave the chamber, and 

a radiation detector for receiving and 



responding to radiation leaving the 6S 
chamber. 

2. A device as claimed in claim 1 in which 
the first window is located at the second 
focal point of the ellipsoidal reflector. 

3. A device as claimed in claim 1 or claim 70 
2 in which the focal length of the first 
optically reflecting means located at the 

end of the chamber remote from the first 
window is equal to half the length of the 
measuring chamber. " 75 

4. A device as claimed in any of claims I 
to 3 in which the second optically reflecting 
means comprises a plane reflector for 
reflecting the radiation from the said 
second path an intermediate path and a 80 
convex reflector on said intermediate path 

for reflecting the radiation from the said 
intermediate path along the said third path 
and from thence out of the chamber. 

5. A device as claimed in claim 4 wherein 85 
a second window is located in the side wall 

of the tube and the detector is located 
laterally of the tube beyond the said second 
window. 

6. A device as claimed in claim 5 in which 90 
the focal length of the convex reflector is 
short compared with the length of the tube. 

7. A device as claimed in any of the 
preceding claims in which the width of tht 
measuring chamber decreases in the 95 
direction from the end containing the said 
first window to the end containing the said 
first optically reflecting means. 

8. A device as claimed in any of the 
preceding claims in which the tubular 100 
chamber is duplicated and the IR radiation 
transfers from one chamber to the next and 
after traversing each chamber in turn leaves 

the last chamber to pass to the detector. 

9. A device as claimed in any of the 105 
preceding claims in which each optically 
reflecting means comprises a concave 
reflector. 

10. A device as claimed in any of claims 1 

to 8 wherein each optically reflecting 110 
means comprises a plane reflecting element 
having a convex lens located in front 
thereof. 

1 1. A device as claimed in any of the 
preceding claims adapted to be fitted to a 115 
device for measuring the concentration of 
alcohol in exhaled breath, in which the gas 
inlet to the chamber comprises: 

a side tube communicating with an 
aperture in the wall of the chamber. 120 
a saliva trap located in said side tube, and 
a nozzle at the entrance to the saliva trap 
into which exhaled breath can pass. 

12. A device as claimed in any of the 
preceding claims wherein the radiation 125 
source comprises a quartz-halogen lamp. 

13. A device as claimed in claim 12 
wherein the lamp is an ellipsoidal quartz- 
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halogen of the type which is vacuum-coated 
withhold. . . 

14. A device for measuring the 
concentration of gases by radiation 
absorption constructed arranged and 
adapted to operate substantially as herein 
described with reference to and as 
illustrated in Figs. 1 and 2 of the 
accompanying drawings. 

15. A device for measuring the 
concentration of gases by radiation 



absorption constructed arranged and 
adapted to operate substantially as herein 
described with reference to and as 
illustrated in Fig. 3 of the accompanying 
drawings. 

KEITH W. NASH, 
Chartered Patent Agent, 
2 Wingate Way, 
Cambridge CB2 2HD, 
Agent for the Applicant. 
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